University of Wollongong

Research Online
Faculty of Social Sciences - Papers

Faculty of Social Sciences

2013

Monitoring and benchmarking population diet
quality globally: A step-wise approach
S Vandevijvere
University of Auckland

C Monteiro
Universidade de Sao Paulo

S M. Krebs-Smith
National Cancer Institute

A Lee
Queensland University of Technology

Boyd A. Swinburn
Deakin University
See next page for additional authors

Publication Details
Vandevijvere, S., Monteiro, C., Krebs-Smith, S. M., Lee, A., Swinburn, B., Kelly, B., Neal, B., Snowdon, W. & Sacks, G. (2013).
Monitoring and benchmarking population diet quality globally: A step-wise approach. Obesity Reviews, 14 (Suppl. S1), 135-149.

Research Online is the open access institutional repository for the University of Wollongong. For further information contact the UOW Library:
research-pubs@uow.edu.au

Monitoring and benchmarking population diet quality globally: A stepwise approach
Abstract

INFORMAS (International Network for Food and Obesity/non-communicable diseases Research,
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globally. In order to assess the impact of food environments on population diets, it is necessary to monitor
population diet quality between countries and over time. This paper reviews existing data sources suitable for
monitoring population diet quality, and assesses their strengths and limitations. A step-wise framework is then
proposed for monitoring population diet quality. Food balance sheets (FBaS), household budget and
expenditure surveys (HBES) and food intake surveys are all suitable methods for assessing population diet
quality. In the proposed 'minimal' approach, national trends of food and energy availability can be explored
using FBaS. In the 'expanded' and 'optimal' approaches, the dietary share of ultra-processed products is
measured as an indicator of energy-dense, nutrient-poor diets using HBES and food intake surveys,
respectively. In addition, it is proposed that pre-defined diet quality indices are used to score diets, and some
of those have been designed for application within all three monitoring approaches. However, in order to
enhance the value of global efforts to monitor diet quality, data collection methods and diet quality indicators
need further development work.
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Summary
INFORMAS (International Network for Food and Obesity/non-communicable
diseases Research, Monitoring and Action Support) aims to monitor and benchmark the healthiness of food environments globally. In order to assess the impact
of food environments on population diets, it is necessary to monitor population
diet quality between countries and over time. This paper reviews existing data
sources suitable for monitoring population diet quality, and assesses their
strengths and limitations. A step-wise framework is then proposed for monitoring
population diet quality. Food balance sheets (FBaS), household budget and
expenditure surveys (HBES) and food intake surveys are all suitable methods for
assessing population diet quality. In the proposed ‘minimal’ approach, national
trends of food and energy availability can be explored using FBaS. In the
‘expanded’ and ‘optimal’ approaches, the dietary share of ultra-processed products is measured as an indicator of energy-dense, nutrient-poor diets using HBES
and food intake surveys, respectively. In addition, it is proposed that pre-defined
diet quality indices are used to score diets, and some of those have been designed
for application within all three monitoring approaches. However, in order to
enhance the value of global efforts to monitor diet quality, data collection methods
and diet quality indicators need further development work.
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Introduction
In the 1970s, population diets started shifting towards
increased consumption of processed foods (including
*INFORMAS is the International Network for Food and Obesity/noncommunicable diseases Research, Monitoring and Action Support.

sugar-sweetened beverages) and ‘out-of-home’ foods,
many of which are unhealthy (1,2). The negative effects of
these changes on population health have only recently been
acknowledged (3–5). The nutrition transition, defined as
the changes in dietary patterns and nutrient intakes when
populations adopt modern lifestyles during economic and
social development, urbanization and acculturation (6),
is presently occurring at a very rapid rate in low- and
middle-income countries (LMICs) (7). The United Nations
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High-Level Meeting on non-communicable diseases
(NCDs) in September 2011 (8) emphasized the increasing
global burden posed by poor diet, physical inactivity and
its associated chronic health disorders such as obesity, type
2 diabetes and cardiovascular diseases. The World Health
Organization (WHO) recently developed a global NCD
monitoring framework in response to this meeting, including the monitoring of outcomes (NCD mortality and morbidity), risk factors (including salt intake as target and
saturated fat, fruit and vegetable intake as indicators) and
national system responses (9).
Complementary to WHO monitoring efforts, the International Network for Food and Obesity/NCDs Research,
Monitoring and Action Support (INFORMAS) aims to
monitor, benchmark and support public and private sector
actions to create healthy food environments and reduce
obesity, NCDs and their related inequalities (10). Within
INFORMAS (10), the population diet quality module seeks
to enable an analysis of the impact of changes in food
environments (such as changes in the composition, labelling,
promotion, affordability, accessibility and/or availability of
foods) on population diets by monitoring the quality of diets
over time and between countries. The module aims to
answer the research question, ‘What is the quality of the diet
of different populations?’ In order to address this question,
data on national or regional food consumption habits and
diet quality are needed on a regular basis, collected using
comparable methods over time and, if possible, across countries or regions. Furthermore, a summary score of overall
population diet quality is likely to be needed to enable
comparisons.
The objective of this paper is to present (i) an overview of
existing sources of dietary data and their strengths and
limitations for monitoring population diet quality; (ii) a
review of various pre-existing indices of overall diet quality
and (iii) a proposed step-based framework to monitor and
benchmark population diet quality globally. This monitoring conducted as part of this module will seek to make use
of existing data on food availability, expenditure and/or
intake. For the purpose of INFORMAS, a high-quality diet
includes a combination of dietary attributes associated with
obesity and NCD risk reduction.

rogate of food intake, but these various sources of data
are not directly comparable, as each of them provides
information about a different level in the flow of foods
from production to consumption (national food supply,
food acquisition within households and individual food
intake).
Data from Spain, Canada, Finland and Poland showed
that the availability of foods as measured by FBaS was
significantly higher than the reported intake measured by
FCoS while results from HBES and FCoS tended to be
more similar to each other (11). In Brazil, it was found
that the ratio of national supply (food availability derived
from FBaS) to household availability (derived from
HBES) of fruits and vegetables was 2.6 while the ratio of
national supply to reported intake (derived from FCoS)
was 4.0, and the ratio of household availability to
reported intake was 1.6 (12). In Europe, Spearman’s correlation coefficients between FBaS and HBES (data from
18 countries included) were 0.78 for vegetables (including
legumes), 0.76 for fruits, 0.69 for fish and seafood,
0.93 for olive oil and 0.39 (P = 0.08) for meat products
(13).

Overview of existing sources of dietary data
Several types of data may be available in countries to
monitor population diets. These data are usually derived
from food balance sheets (FBaS), household budget
and expenditure surveys (HBES) and food consumption
surveys (FCoS). Availability of these data, cost, frequency
and methods of data collection, level of detail, waste considerations and comparability over time and across countries vary. In some situations, when data at the individual
level are lacking, FBaS and HBES data are used as a sur-
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Food balance sheets
FBaS present the country’s food supply during a specified
reference period, balancing local production, countrywide
stocks, and imports with exports, agricultural use for livestock, seed and waste. Waste on the farm, during distribution and processing, as well as technical losses due to
transformation of primary commodities into processed
products is taken into account. The data are expressed
per capita supply of each food item available for human
consumption. After applying appropriate food composition factors, the supply is expressed in terms of energy
and macronutrients (14). The Food and Agricultural
Organisation (FAO) open access database contains
national level data since 1961 related to 120 food groups
on a more or less aggregated level for 183 countries on a
yearly basis. For some countries (e.g. some Pacific
Islands), these data are not available or are collected on
an irregular basis. Some countries have additional or
refined food availability data systems, such as the Food
Availability Data System in the United States, which
includes the loss-adjusted food availability data accounting for additional types of waste (food spoilage, plate
waste) (15). The major advantage of FBaS with respect to
monitoring population diet quality for the purposes of
INFORMAS includes the availability of the data and the
low cost of obtaining those, while the major limitation
includes the crudeness of the measure as a proxy for food
intake, the use of broad categories and the fact that
several types of food losses and wastes are not taken into
account (Table 1).
© 2013 The Authors. Obesity Reviews published by John Wiley & Sons Ltd
on behalf of the International Association for the Study of Obesity
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Table 1 Strengths and limitations of different sources of dietary data (food balance sheets, household budget and expenditure surveys, food
consumption surveys) for monitoring and benchmarking population diet quality globally
(FBaS)

(HBES)

(FCoS)

Type of information
collected

Information on macro-level, national
trends in food supply and the overall
adequacy of food availability. For some
commodities estimates might be more
reliable than when using FCoS (e.g.
sugar).

Information on household food availability and
expenditure over a given period of time. Inclusion
of information on food prices and socioeconomic
status of the households. Data collection on how
food was acquired, differentiating whether it was
purchased, home produced or received free of
charge.

Information on food intake at the
individual level. Often detailed
information available on the foods
consumed (e.g. brand name,
preparation method) and collection
of recipe information.

Availability and
coverage of data

Freely available for almost all countries
on a yearly basis. However, some
countries do not collect them (e.g.
some Pacific Islands) or less regularly.

Good coverage, available for over 100 countries
across all continents and both high-income and
low- and middle-income countries. Often regular
data collection (every 1–5 years).

Not available for many countries
and if available, not repeated
sufficiently regular

Costs of data
collection

Low

Higher

Expensive to perform which
hampers periodic assessment in
many countries on a national level

Wastage and losses

Losses of edible food, e.g. during
storage, preparation and cooking, as
plate-waste or domestic animal feed,
or thrown away are not taken into
account.
Unless adjusted for expected losses at
the retail and consumer levels, FBaS
data are not good indicators of what is
eaten because losses are very variable
across food groups.
Assumptions for waste are based on
expert opinions rather than
measurements.

No information on wastage of foods at home,
preparation losses or foods given away
(overestimation)

Usually taken into account

Other methodological
challenges

No information on food intake, access
to foods or distribution of foods within
a country. Mainly information available
on primary agricultural commodities,
not on processed foods.
Statistics of population, supply and
utilization of foods vary a great deal
between countries with regard to
coverage and accuracy; there may be
gaps and inconsistencies.

Food items that are more perishable are likely to
have shorter shelf lives and be purchased more
frequently. Consumption levels of these foods are
likely to be more accurately captured by HBES
regardless of the recall/record period.
Estimation of intake of foods with longer shelf lives
is more likely to be inaccurate and the shorter the
recall/record period, the more likely they will not
be captured by purchase data.
Purchases made online or recurring bill payments
made by automatic debit may be underreported.
Foods consumed outside the home tend to be
underestimated.
Accurate estimation of intra-household allocation
of foods is difficult.
Most HBES contain a mixture of acquisition and
consumption data, which may result in either overor underestimation of consumption. HBES do not
collect information on food that is acquired during
recall period but not consumed during it or food
that is not acquired during recall period but
consumed (stocks).
Heterogeneity in design, methods and
implementation of HBES among different countries.

Difficult to keep up with rapidly
changing food supply.
Difficult to include ingredients
added at the table (salt, sugar).
Use of different methodologies for
data collection which hampers
comparability across countries.

Response rate

Not affected

Affected

Affected

Exclusion of subjects

Not affected

Affected

Affected

Underreporting

Not affected

Affected

Tendency towards underreporting,
especially of certain foods and
among certain population groups
(obese people)

Stratification

No stratification possible by population
group (e.g. sex, age, socioeconomic
status) or by region. No information on
seasonal variations in food supply.

Stratification possible by household
socioeconomic status or sex, age, socioeconomic
status of reference person of the household.
Seasonal and regional variations can be captured.

Stratification by age, sex and
socioeconomic status and
identification of high-risk groups.
Seasonal variations can be
captured.

Representativeness

National data

Large sample sizes, usually nationally
representative surveys, representative for both
country and subnational levels

Often small sample sizes and not
always nationally representative

FBaS, food balance sheets; FCoS, food consumption surveys; HBES, household budget and expenditure surveys.

© 2013 The Authors. Obesity Reviews published by John Wiley & Sons Ltd
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FBaS have mainly been used to describe long-term food
availability, and to investigate its local and global drivers.
Different studies have used FBaS to assess dietary changes
over time (16–20), to compare worldwide availability of
fats, sugar, starch, n-3 and n-6 fatty acids and different
food groups (21–26), to assess association of food availability with population overweight and obesity (18,27,28)
and with different morbidities or mortality (29–34), and to
evaluate adherence to different diets (e.g. the Mediterranean diet) (35). In addition, intakes of micronutrients,
macronutrients, polyphenolic and flavonoid compounds
(17,19,36–39), and salt (40) have been calculated using
FBaS, and exposure to food chemicals and additives
(41,42) has been assessed. FBaS have been used in both
high-income countries (HICs) and LMICs. In LMICs, the
extent and characteristics of nutrition transition have
been determined with FBaS (18,19,43–45). In general,
FBaS showed that over the years the availability of calories
from total carbohydrates as a percentage of total energy
decreased, while the availability of fats and sugars
increased (17,19,20,46–50). Energy availability especially
increased in LMICs (18,19,43,44).

conducted in 22 countries. Today, there are more than 700
surveys for 116 countries, an average of six per country
(55). The DAta Food NEtworking (DAFNE) Project pioneered the use of HBES in 1987 to monitor trends in food
availability among European countries based on harmonized and comparable information and ensuring continuity
over time (56–58). This project also developed a software
tool to compare food availability between countries and
within countries over time (59).
HBES vary with regard to data collection methods, recall
or record periods, questionnaire design and length, and
composition and detail of food lists (51). The ‘food diary’
approach (food acquisition recorded by respondent) is considered more accurate than the ‘food recall’ approach (food
acquisition obtained through interview with respondent),
although it is more expensive, invasive and difficult to
implement, as it requires more visits and supervision, especially among illiterate populations (52).
Given the heterogeneity of HBES globally (52), it is difficult to make general statements about their strengths and
limitations to monitor population diet quality (Table 1).
Some aspects that need further consideration are standardization of measurement units, optimization of the recall or
record period (60), better capturing of food acquisition out
of home (61) and improvement of the food list (e.g. level of
detail) for dietary monitoring (62). In addition, it is important to investigate how to determine intra-household distribution of foods (52). Approximations to intake by age
and sex are usually made under the assumption that foods
are equitably distributed based on individual energy needs.
Adjustments for the age- and sex-specific energy requirements of each household member can be made using the
FAO’s adult male consumption equivalent (63). It has been
shown in LMICs (28 studies) that intra-household distribution of foods is relatively equitable with a relative dietary
energy adequacy ratio as an indicator of the equity of food
distribution within households between 0.8 and 1.2 usually
(optimum ratio is 1.0) (64).
In 2008, FAO began routinely analysing HBES to estimate household food access, food security and nutrient
intake adequacy (65). Relationships between household
expenditure and malnutrition (66–68), poverty (69,70),
and overweight and obesity (71,72) have been investigated.
HBES have been used to identify common food sources
of specific nutrients, to model the impact of fortification
programs (73–84) and to estimate the distribution of
sodium intake (85). In Brazil, the spending on out-of-home
eating has been analysed (86), and its relationship with
overweight and obesity (87) assessed. Time trends in the
contribution of processed foods to food purchases have
been evaluated (5,88,89) and the potential impact on
overall diet quality (5) or prevalence of overweight and
obesity has been explored (89). In addition, exposure to
pesticides has been assessed using HBES (90–92).

Household budget and expenditure surveys
HBES are national surveys mainly focusing on consumption expenditure, allowing for calculation and monitoring
of the consumer price index, and describing food acquisition patterns and apparent food consumption across
regions and population groups. They are also variously
referred to as household income and expenditure surveys,
living standards measurement studies, integrated household surveys, core welfare indicator questionnaires, welfare
monitoring surveys or comprehensive food security and
vulnerability assessments (51). They are usually performed every 1–5 years, and conducted in large countryrepresentative population samples (mostly between 7,000
and 20,000 households (52)), allowing for subnational estimates. One member of the sampled household records or
recalls all foods and beverages acquired during a reference
period, usually 1–2 weeks, including purchases, contributions from own production and foods received as gifts.
However, foods acquired for out-of-home consumption are
not always recorded or recalled. Fiedler et al. identified 17
countries worldwide that address out-of-home consumption using HBES (52). Examples of long-running annual
surveys including reliable estimates of foods and drinks
eaten at home and out of home exist in the UK (53) and the
United States (54).
HBES are likely available for more than 100 countries
across different continents, including both HICs and
LMICs (51). Over the last two decades, the number, quality
and availability of HBES in LMICs have increased. In
1990, the World Bank presented analyses of single HBES
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A recent review article on HBES concluded that studies
comparing HBES with FCoS found relatively high levels of
consistency with regard to proportion of households consuming and/or purchasing most food items, total energy
intake and nutrient density (nutrient content in grams per
2,000 kcal of the edible portion of a food) of most food
items consumed and/or purchased, while mixed results
were found in testing statistical differences between the
estimated medians of nutrient intakes (51,93).

Food intake surveys
National or subnational FCoS are mainly conducted by
national or regional health authorities, and include representative population samples. Several methods can be used
for dietary assessment, including dietary recalls and
records. The use of different dietary assessment methods
may impede comparisons across countries. In addition, the
number of days for which data are collected may vary
considerably from country to country and study to study.
Data collection on at least two non-consecutive days allows
for estimation of longer term intake of foods and nutrients
using statistical methods (94–96).
In Europe, several projects such as EFCOSUM (97,98),
EFCOVAL (99–102) and PANCAKE (103) have tried to
harmonize food consumption methodology across countries, both for adults and children. In 2012, The European
Food Safety Authority started the EU Menu survey that
aims to collect food consumption data in all European
countries in a harmonized way. Data are collected using
dietary records or recalls through a standardized software
tool EPIC-SOFT (104–106).
Few countries conduct nationally representative FCoS on
a regular basis because they are expensive, time consuming
and difficult to conduct. Some countries collect only information on frequency of consumption of a limited number
of food groups within other national health surveys.
Unique issues for some LMICs include estimating individual intakes when communal eating from one dish is the
norm. Other critical issues are how to keep up with rapidly
changing food supplies, how to capture ingredients added
at the table that may be concentrated sources of nutrients
and how to document detailed information on out-of-home
eating (107) (Table 1).

Review of indicators of diet quality
In assessing diet quality, the need to analyse dietary patterns, rather than single dietary components, is increasingly
recognized. This is because people consume combinations
of foods, and dietary components may interact.
Two approaches to dietary patterning have been used:
theoretically defined dietary patterns and empirically
derived dietary patterns. The latter are statistically derived
© 2013 The Authors. Obesity Reviews published by John Wiley & Sons Ltd
on behalf of the International Association for the Study of Obesity

Monitoring population diet quality S. Vandevijvere et al.

139

‘a posteriori’ from collected food consumption data based
on clustering of individuals or correlations in intakes of the
various dietary components (108). As empirically derived
dietary patterns may be very variable between countries
and over time, they are not considered useful for
the purpose of INFORMAS. Consequently, theoretically
defined dietary patterns (or pre-defined measures of diet
quality) were the focus of this review.

Indices of overall diet quality based on selected
foods and nutrients
Indices of diet quality are pre-defined summary measures
of overall diet quality, and can be used to monitor overall
dietary changes (109). They are based on foods and/or
nutrients that are considered important for health in
general or for specific health outcomes. In the last decades,
several indices have been developed, and some of them
have been validated by relating them to measures of overall
nutrient adequacy or chronic disease risk. The Healthy
Eating Index (HEI) (110), the Diet Quality Index (DQI)
(111), the Healthy Diet Indicator (HDI) (112) and the
Mediterranean Diet Score (MDS) (113) are the four original diet quality scores that have been used most extensively.
However, the original HEI is no longer used and has been
superseded by the HEI-2005 (114) and the HEI-2010
(115).
The original HEI, based on the 1995 Dietary Guidelines
for Americans, comprises grains, vegetables, fruits, milk,
meat, total fat (as a % of total energy), saturated fat (as a
% of total energy), cholesterol, sodium and dietary variety
as components (110). Scores between 0 and 10 were
assigned to each component and an index with values
between 0 and 100 obtained. After the 2005 Dietary
Guidelines for Americans were released, the index was
modified to address the increased importance of whole
grains and specific types of fats (116), and included 12
components: total fruit, whole fruit, total vegetables, dark
green and orange vegetables and legumes, total grains,
whole grains, milk, meat and beans and oils, saturated fat
(as a % of total energy), sodium in grams per 1,000 kcal
and the calories from solid fat, alcohol and sugar (as a % of
total energy). In addition, the index was developed to assess
intake densities rather than absolute intakes, which makes
it adaptable to any set of foods at any level of the food
system and not just individual level intakes (114). The
components are weighted such that each major food group
mentioned in the guidelines receives basically equal weight
except empty calories, which are double weighted in
accordance with their effect on diets. The most important
changes from 2005 to 2010 include the addition of seafood
and plant proteins to capture specific choices from the
protein group; a ratio of polyunsaturated and monounsaturated to saturated fatty acids, replacing oils and saturated
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fat; and a moderation component, refined grains, replacing
total grains, to assess overconsumption (115).
The DQI comprises total fat, saturated fat, cholesterol,
fruits and vegetables, grains and legumes, protein, sodium
and calcium as components (111). Scores 0, 1 and 2 are
assigned to each component, and the index ranges from 0
(excellent diet) to 16 (poor diet). In 1999, this index was
revised to incorporate measures of dietary variety and moderation (117), and consisted of 10 components, with scores
between 0 and 10 assigned to each component. Total score
ranged from 0 (poor compliance) to 100.
The HDI, based on WHO recommendations, includes
saturated fat, polyunsaturated fat, protein, complex carbohydrates, dietary fibre, fruits and vegetables, pulses, nuts
and seeds, mono- and disaccharides, and cholesterol as
components (112). Scores 0 and 1 are attributed to each
component and an index ranging between 0 and 9 is
obtained.
The MDS includes the ratio of monounsaturated fat to
saturated fat, legumes, cereals, fruits and nuts, vegetables,
meat (products), milk and dietary products, and alcohol as
components (113). Score 0 or 1 is assigned to each component using the median intake of study participants as a
sex-specific cut-off point. A score ranging from 0 (low
adherence to the Mediterranean diet) to 8 is obtained. In
2003, fish intake was included as an additional component,
retrieving scores ranging from 0 to 9 (118).
Waijers et al. (119) reviewed the Medline literature published until September 2005 on 20 pre-defined indices of
overall diet quality. They found only modest associations
between diet quality indices and either nutrient adequacy
or health outcomes and concluded that existing indices do
not predict mortality or morbidity significantly better than
individual dietary factors. Arvaniti et al. (120) reviewed 23
commonly used dietary indices (overlapping largely with
those from Waijers et al. (119)) in a study published in
2008, and concluded, as did Waijers et al. (119), that many
arbitrary choices are included in the make-up of the scores
and that the majority of the indices fail to recognize the
different interrelationships between their constituents.
They recommend the development of weighted indices,
with weights in proportion to the importance of a food/
nutrient to the health outcome of interest (120). A systematic review of published English-language literature until
2007 among adults was conducted by Wirt et al. (121),
including 28 articles and 25 indices of overall diet quality,
with HEI (110), HDI (112), Healthy Food Index (122), the
Recommended Food Score (123), the DQI (124), the Diet
Quality Score (125) and MDS (113) as the most important.
The majority of studies presented methodological weaknesses but demonstrated that higher diet quality was
consistently inversely related to all-cause mortality with a
protective effect of moderate magnitude. The predictive
capacity of most of the indices was fairly similar (121).

Kourlaba et al. (126) concluded that, based on a Medline
review until June 2008, pre-existing indices are adequate
tools to evaluate diet quality, but they have shown moderate predictive ability in relation to chronic diseases and
health determinants. The predictive capacity of MDS or
adapted versions was shown to be slightly better than
that of the original HEI, DQI or HDI (126). A systematic
search of Medline for prospective cohort studies or
randomized trials investigating dietary exposures in relation to coronary heart diseases found that the MDS is a
better predictor of coronary heart disease than individual
foods (127). Two more recent systematic reviews were
identified (128,129), but they only included studies
using indices among children and are not further discussed here.
In order to update the existing systematic reviews with
more recent literature, Medline was searched for the terms
‘Healthy Eating Index’, ‘Mediterranean Diet Score’, ‘Diet
Quality Index’ and ‘Healthy Diet Indicator’ (four most
extensively used dietary indices) for the period 2008–2012,
and studies linking diet quality with overweight, obesity or
different diet-related NCDs were included. In total, 64
studies (130–193) were retrieved using one or more of these
indices or their modified versions. The (original) HEI (32
studies) and MDS (38 studies) were most frequently used
(some studies used multiple indices).
In general, more positive than null associations were
found with both overweight/obesity and NCDs, but predictive ability in relation to NCDs was moderate, such as
that found in the prior reviews. Part of the reason for this
might be related to measurement error, about which we
know very little in the case of multivariate dietary patterns.
This is an important area of research that needs to be
pursued.
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A new indicator of diet quality based on the share
of ultra-processed food products in the diet
The dietary share of ultra-processed food products,
expressed as a percentage of total calories, has been
recently proposed as a predictive indicator of the energy
and nutrient adequacy of the overall diet (5,194). Ultraprocessed products are ready-to-consume industry formulations manufactured from ingredients directly extracted
from whole foods, such as oils, fats, sucrose and flours, or
processed from components extracted from whole foods,
such as high-fructose corn syrup, hydrogenated oils, a
variety of starches and the cheap parts or remnants of meat.
To these products, several additives are typically added,
with little or no content of whole foods. They include
pre-sugared breakfast cereals, sweet and savoury snacks,
desserts, a variety of ready-to-heat dishes and soft drinks
(5,194). The production and consumption of ultraprocessed food products is rising rapidly, particularly in
© 2013 The Authors. Obesity Reviews published by John Wiley & Sons Ltd
on behalf of the International Association for the Study of Obesity
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LMICs, with the effect of eroding food systems and dietary
patterns based on minimally processed foods and freshly
prepared meals (5,88,195–197).
Ultra-processed food products typically are energy
dense; have a high glycaemic load; are low in dietary
fibre, micronutrients and phytochemicals; and are high in
unhealthy types of dietary fat, free sugars and salt (198).
Studies in Brazil and Canada have documented the direct
association of the dietary share of ultra-processed products
with overall dietary energy density and the content of free
sugars, total and saturated fats, and sodium. These studies
have also shown an inverse association between the dietary
share of ultra-processed products and the overall protein
and fibre content of the diet (4,5). Preliminary evidence
documents direct association of the dietary share of ultraprocessed products with the risk of metabolic syndrome
(199), and overweight and obesity (89). However, it is
noted that this new indicator has not been thoroughly
tested yet.

Proposed step-wise diet quality monitoring
framework for the International Network for
Food and Obesity/non-communicable diseases
Research, Monitoring and Action Support
In order to take into account differences in existing data
sources in countries, a step-wise framework is proposed
to monitor and benchmark population diet quality between
countries and over time. The proposed framework, including ‘minimal’, ‘expanded’ and ‘optimal’ approaches, is
depicted in Table 2.
The ‘minimal’ approach relies on the use of FBaS, which
are available for many countries. While FBaS are likely to
overestimate population dietary intake, they are nevertheless considered an acceptable source of readily available
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information as part of the ‘minimal’ approach, and allow
exploration of trends of availability of several food groups
(basic commodities) and energy from macronutrients
between countries and over time. However, FBaS cannot
inform how food consumption is distributed according to
age, sex and socioeconomic status, and do not allow assessment of the share of ultra-processed products in the diet.
Some dietary indices, such as HEI-2005 or HEI-2010,
have been designed for use at the food supply as well as
consumption level (200), and may be utilized within the
‘minimal’ approach. However, interpretations may be
limited to the extent that wastage is not taken into account.
The ‘expanded’ approach incorporates the use of HBES,
which are more expensive to conduct and are available for
fewer countries, but provide more details than FBaS.
Although they have clear shortcomings, such as the nonconsideration of foods consumed out of home, foods
wasted and the unknown distribution of foods among
members of the household, HBES are increasingly used to
fill the food consumption information gap between FBaS
and FCoS (93). It will depend on the level of aggregation of
food groups whether HBES can be used to determine the
dietary share of ultra-processed food products (refer to
Table 2).
In the ‘optimal’ approach, individual intake or FCoS are
used. Overall diet quality may be assessed using one of the
pre-defined dietary indices through the use of individual
intake surveys. However, currently, all indices have clear
methodological shortcomings, and their predictive ability is
only moderate and fairly similar. More work is needed in
order to optimize dietary indices to determine quality of
population diets. Even if detailed FCoS data are available within a country, data on HBES and/or FBaS also
need to be collected for the purpose of between-country
comparisons.

Table 2 Proposed step-wise framework for monitoring and benchmarking population diet quality between countries and over time
Minimal approach

Expanded approach

Optimal approach

Source of data

Food balance sheets

Household budget and expenditure
surveys

Individual intake or food consumption
surveys

Indicator(s) of
diet quality

Supply of broad food groups (basic
commodities) and energy from fat,
carbohydrates and sugar.
Pre-defined Diet Quality Index, e.g.
Healthy Eating Index, Mediterranean Diet
Score, Diet Quality Index or Healthy Diet
Indicator.

The share of ultra-processed foods and
drink products in the diet, expressed as
percentage of total calories.
Pre-defined Diet Quality Index, e.g.
Healthy Eating Index, Mediterranean Diet
Score, Diet Quality Index or Healthy Diet
Indicator.

The share of ultra-processed foods and
drink products in the diet, expressed as
percentage of total calories.
Pre-defined Diet Quality Index, e.g.
Healthy Eating Index, Mediterranean Diet
Score, Diet Quality Index or Healthy Diet
Indicator.

Stratification

No stratification

Stratification by region.
Stratification by socioeconomic status of
the household and sex and age of the
household reference person.

Stratification by region (if sample size
allows).
Stratification by socioeconomic status,
age and sex of the individual.

Representativeness

Countrywide

Countrywide/regional

Countrywide/regional

© 2013 The Authors. Obesity Reviews published by John Wiley & Sons Ltd
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14 (Suppl. 1), 135–149, October 2013

obesity reviews

142 Monitoring population diet quality S. Vandevijvere et al.

Limitations and recommended areas for
future development
Sources of dietary data and data
collection methods
The collection of ‘optimal’ data required to effectively
monitor the quality of diets can be expensive, but should be
compared with estimated social costs associated with negative health consequences of unhealthy diets.
Many of the shortcomings of HBES can be ameliorated
with relatively minor changes (52), and HBES could be
strengthened substantially as a tool for evidence-based
nutrition policy with more proactive involvement of the
nutrition community in the design and implementation
of HBES (51). Since 2006, the International Household
Survey Network has been offering leadership and technical
assistance in promoting availability, quality, standardization and use of survey data in developing countries. It
provides a catalogue containing more than 4,000 household surveys (52). From 2000 to 2006, the International
Food Policy Research Institute’s Assessing Food Insecurity
project analysed the HBES of 20 LMICs and developed
guidelines for processing and using HBES databases to
more precisely measure food insecurity. This was, however,
only a one-time effort (201). INFORMAS could also play a
role in setting up networks to share data and criteria across
different groups of scientists and institutions working in the
area of food consumption in order to improve quality and
harmonization of dietary data.

scoring model used for dietary indices may have a significant impact on observed associations with disease outcomes (204). In addition, other methodological issues
remain unresolved, such as the ways of dealing with differences in energy intake (109,119–121,126), and with measurement error in the multivariate context.
The performance of a meta-analysis across all, or most,
cohort studies worldwide is recommended, in order to
develop a new evidence-derived (a posteriori) ‘best’ healthy
diet indicator, with global applicability (or, perhaps, with
regional variations).

Food categorization
In the event that a single diet quality indicator is recommended for monitoring diet quality globally, it will be
important to define the food groups in detail, so that countries use the same definitions to classify foods into those
food groups, while allowing flexibility for the classification
of culturally specific foods. The classification system to
identify food products as ultra-processed products has been
outlined and defined elsewhere (194). In some cases, highly
aggregated data may pose a problem for categorizing foods
using pre-defined classification systems.
Within the frame of the DAFNE project (205), a special
food classification system, consisting of 15 food groups and
56 subgroups, was developed to allow European comparisons of dietary data. For aggregating specific items into
major food groups, country-specific density and conversion
factors are used.

Choice of appropriate diet quality indicator

Food composition data

Indices differ widely with regard to the number of components included, cut-off values and scoring systems, and
contributions of components to the overall score (126).
Many arbitrary choices are included in the make-up of diet
quality indices. Inappropriate selection of the components,
selection of a small number of cut-off points for each
component and/or equal contribution of all index items to
the total score are often presented as the major weaknesses
(119,120).
Different foods and nutrients have been used in indices,
although some specific ones (fat, fruits, vegetables and
whole grains) are used in the majority of indices because of
their established health impact. The use of a large number
of cut-off points is recommended in order to increase the
diagnostic capacity of indices (202). Diagnostic accuracy of
indices was also shown to increase with an increasing
number of components, but only when the components
were not or only slightly correlated. Low-correlated or
non-correlated components, strongly associated with a particular outcome, should be used in order to obtain an
accurate composite index (203). It has been found that the

Diet quality indices usually include both food groups and
nutrients as components. In order to calculate nutrient
intakes, country-specific food composition data will be
needed.
For some nutrients (e.g. mono- and polyunsaturated
fatty acids) this may be particularly challenging. Furthermore, the use of country-specific databases may hamper
international comparisons across countries. Global databases that characterize foods according to dietary
guidance-based food groups, such as the MyPyramid
Equivalents Database in the United States (206), would
help in standardizing the measures across countries.
In this case, quantities of foods reported in surveys can
be translated into quantities of guidance-based food
groups, such as vegetables and fat, after disaggregating
food mixtures into their ingredients.

14 (Suppl. 1), 135–149, October 2013

Conclusions
FBaS, HBES and FCoS can all be used to assess population
diet quality at different levels of the food supply. However,
© 2013 The Authors. Obesity Reviews published by John Wiley & Sons Ltd
on behalf of the International Association for the Study of Obesity
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each of these data sources has their limitations and
strengths. In the proposed ‘minimal’ approach, national
trends of food and energy availability can be explored using
FBaS. In the ‘expanded’ and ‘optimal’ approaches, the
dietary share of ultra-processed products will be measured
as an indicator of energy-dense, nutrient-poor diets using
HBES or food intake surveys. In addition, pre-defined diet
quality indices will be used, and some of those have been
designed for application within all three monitoring
approaches. However, more work is needed to improve
both data collection methods and diet quality indicators in
order to enhance the value of global dietary monitoring
efforts.

Acknowledgements
The authors wish to thank Janice Albert and Piero
Conforti from the Food and Agricultural Organisation
(FAO) for their helpful comments on this paper. The
Rockefeller Foundation kindly supported the work of
INFORMAS by hosting the first formal meeting of
INFORMAS at the Rockefeller Foundation Bellagio
Centre, Italy, from 19 to 23 November 2012. The following organizations provided funding support for the travel
of participants to Italy for this meeting and the preparation of background research papers: The Rockefeller
Foundation, International Obesity Taskforce (IOTF), University of Auckland, Deakin University, The George Institute, University of Sydney, Queensland University of
Technology, University of Oxford, University of Pennsylvania Perelman School of Medicine, World Cancer
Research Fund International, University of Toronto, The
Australian National University. The Faculty of Health at
Deakin University kindly supported the costs for open
access availability of this paper, and the Australian
National Health and Medical Research Council Centre
for Research Excellence in Obesity Policy and Food
Systems (APP1041020) supported the coordination and
finalizing of INFORMAS manuscripts.

Conflicts of interest
Bruce Neal is the Chair of the Australian Division of World
Action on Salt and Health (2007 to present), was a
Member of the Pepsico Global Scientific Advisory Board
(2010–2012), was the Independent Adjudicator for the
Australian Responsible Marketing to Children’s Initiative
(2009–2010) and holds funding from the Australian Food
and Grocery Council as part of a National Health and
Medical Research Council of Australia Partnership project
(2010–2014). The other authors declare that they have no
competing interests.
© 2013 The Authors. Obesity Reviews published by John Wiley & Sons Ltd
on behalf of the International Association for the Study of Obesity

Monitoring population diet quality S. Vandevijvere et al.

143

References
1. Popkin BM, Adair LS, Ng SW. Global nutrition transition and
the pandemic of obesity in developing countries. Nutr Rev 2012;
70: 3–21.
2. Smith LP, Ng SW, Popkin BM. Trends in US home food preparation and consumption: analysis of national nutrition surveys and
time use studies from 1965–1966 to 2007–2008. Nutr J 2013; 12:
45.
3. Moodie R, Stuckler D, Monteiro C et al. Profits and pandemics:
prevention of harmful effects of tobacco, alcohol, and ultraprocessed food and drink industries. Lancet 2013; 381: 670–
679.
4. Moubarac JC, Martins AP, Claro RM, Levy RB, Cannon G,
Monteiro CA. Consumption of ultra-processed foods and likely
impact on human health. Evidence from Canada. Public Health
Nutr 2012; [Epub ahead of print].
5. Monteiro CA, Levy RB, Claro RM, de Castro IR, Cannon G.
Increasing consumption of ultra-processed foods and likely impact
on human health: evidence from Brazil. Public Health Nutr 2011;
14: 5–13.
6. Popkin BM. An overview on the nutrition transition and its
health implications: the Bellagio meeting. Public Health Nutr
2002; 5: 93–103.
7. Popkin BM, Gordon-Larsen P. The nutrition transition: worldwide obesity dynamics and their determinants. Int J Obes Relat
Metab Disord 2004; 28(Suppl. 3): S2–S9.
8. United Nations General Assembly. Political Declaration of the
High-level Meeting of the General Assembly on the Prevention and
Control of Non-communicable Diseases. High Level Meeting on
Prevention and Control of Non-communicable Diseases. A/66/L.1.
2011. New York.
9. World Health Organisation. Draft action plan for the prevention and control of non-communicable diseases 2013–2020.
Report by the Secretariat. 11/01/2013. EB132/7. 2013. Geneva,
World Health Organisation.
10. Swinburn B, Sacks G, Vandevijvere S et al. International
Network for Food and Obesity/non-communicable diseases
Research, Monitoring and Action Support (INFORMAS): overview and key principles. Obes Rev 2013; 14 (Suppl. 1): 1–12.
11. Serra-Majem L, MacLean D, Ribas L et al. Comparative
analysis of nutrition data from national, household, and individual
levels: results from a WHO-CINDI collaborative project in
Canada, Finland, Poland, and Spain. J Epidemiol Community
Health 2003; 57: 74–80.
12. Claro RM, Jaime PC, Lock K, Fisberg RM, Monteiro CA.
Discrepancies among ecological, household, and individual data
on fruits and vegetables consumption in Brazil. Cad Saude Publica
2010; 26: 2168–2176.
13. Naska A, Berg MA, Cuadrado C et al. Food balance sheet and
household budget survey dietary data and mortality patterns in
Europe. Br J Nutr 2009; 102: 166–171.
14. FAO. FAOSTAT. 2012. [WWW document]. URL http://
faostat.fao.org/ (accessed 15 July 2013).
15. United States Department of Agriculture. 2012. [WWW
document]. URL http://www.ers.usda.gov/data-products/food
-availability-(per-capita)-data-system.aspx (accessed 15 July
2013).
16. Golzarand M, Mirmiran P, Jessri M, Toolabi K, Mojarrad M,
Azizi F. Dietary trends in the Middle East and North Africa: an
ecological study (1961 to 2007). Public Health Nutr 2012; 15:
1835–1844.
17. Sheehy T, Sharma S. The nutrition transition in the Republic
of Ireland: trends in energy and nutrient supply from 1961 to 2007

14 (Suppl. 1), 135–149, October 2013

Monitoring population diet quality S. Vandevijvere et al.

obesity reviews

using Food and Agriculture Organization food balance sheets. Br
J Nutr 2011; 106: 1078–1089.
18. Seiden A, Hawley NL, Schulz D, Raifman S, McGarvey ST.
Long-term trends in food availability, food prices, and obesity in
Samoa. Am J Hum Biol 2012; 24: 286–295.
19. Sheehy T, Sharma S. The nutrition transition in Barbados:
trends in macronutrient supply from 1961 to 2003. Br J Nutr
2010; 104: 1222–1229.
20. Balanza R, Garcia-Lorda P, Perez-Rodrigo C, Aranceta J,
Bonet MB, Salas-Salvado J. Trends in food availability determined
by the Food and Agriculture Organization’s food balance sheets in
Mediterranean Europe in comparison with other European areas.
Public Health Nutr 2007; 10: 168–176.
21. Petrova S, Dimitrov P, Willett WC, Campos H. The global
availability of n-3 fatty acids. Public Health Nutr 2011; 14: 1157–
1164.
22. Trichopoulou A, Lagiou P. Worldwide patterns of dietary
lipids intake and health implications. Am J Clin Nutr 1997;
66(Suppl. 4): 961S–4S.
23. Michaelsen KF, Dewey KG, Perez-Exposito AB, Nurhasan M,
Lauritzen L, Roos N. Food sources and intake of n-6 and n-3 fatty
acids in low-income countries with emphasis on infants, young
children (6–24 months), and pregnant and lactating women.
Matern Child Nutr 2011; 7(Suppl. 2): 124–140.
24. Vareiro D, Bach-Faig A, Raido QB et al. Availability of Mediterranean and non-Mediterranean foods during the last four
decades: comparison of several geographical areas. Public Health
Nutr 2009; 12: 1667–1675.
25. Sreebny LM. Sugar availability, sugar consumption and dental
caries. Community Dent Oral Epidemiol 1982; 10: 1–7.
26. Bright-See E, Jazmaji V. Estimation of the amount of dietary
starch available to different populations. Can J Physiol Pharmacol
1991; 69: 56–59.
27. Slater J, Green CG, Sevenhuysen G, Edginton B, O’Neil J,
Heasman M. The growing Canadian energy gap: more the can
than the couch? Public Health Nutr 2009; 12: 2216–2224.
28. Moussavi N, Gavino V, Receveur O. Is obesity related to the
type of dietary fatty acids? An ecological study. Public Health Nutr
2008; 11: 1149–1155.
29. Jarosz M, Sekula W, Rychlik E, Figurska K. Impact of diet on
long-term decline in gastric cancer incidence in Poland. World J
Gastroenterol 2011; 17: 89–97.
30. Thornley S, Stewart A, Marshall R, Jackson R. Per capita
sugar consumption is associated with severe childhood asthma: an
ecological study of 53 countries. Prim Care Respir J 2011; 20:
75–78.
31. Muntoni S, Muntoni S. Epidemiological association between
some dietary habits and the increasing incidence of type 1 diabetes
worldwide. Ann Nutr Metab 2006; 50: 11–19.
32. Helsing E. Traditional diets and disease patterns of the Mediterranean, circa. Am J Clin Nutr 1960; 61(Suppl. 6): 1329S–37S.
33. Sasaki S, Horacsek M, Kesteloot H. An ecological study of the
relationship between dietary fat intake and breast cancer mortality. Prev Med 1993; 22: 187–202.
34. Slattery ML, Randall DE. Trends in coronary heart disease
mortality and food consumption in the United States between
1909 and 1980. Am J Clin Nutr 1988; 47: 1060–1067.
35. da Silva R, Bach-Faig A, Raido QB, Buckland G,
Vaz de Almeida MD, Serra-Majem L. Worldwide variation of
adherence to the Mediterranean diet, in 1961–1965 and 2000–
2003. Public Health Nutr 2009; 12: 1676–1684.
36. Heinonen M, Piironen V. The tocopherol, tocotrienol, and
vitamin E content of the average Finnish diet. Int J Vitam Nutr Res
1991; 61: 27–32.

37. Sheehy T, Sharma S. Use of FAO food balance sheets to
estimate the potential ability of novel folate-enriched eggs to
increase the folate supply in European Union countries. Public
Health Nutr 2011; 14: 551–556.
38. Beking K, Vieira A. An assessment of dietary flavonoid
intake in the UK and Ireland. Int J Food Sci Nutr 2011; 62: 17–
19.
39. Gibson RS, Cavalli-Sforza T. Using reference nutrient density
goals with food balance sheet data to identify likely micronutrient
deficits for fortification planning in countries in the Western Pacific
region. Food Nutr Bull 2012; 33(Suppl. 3): S214–S220.
40. Reinivuo H, Valsta LM, Laatikainen T, Tuomilehto J, Pietinen
P. Sodium in the Finnish diet: II trends in dietary sodium intake
and comparison between intake and 24-h excretion of sodium. Eur
J Clin Nutr 2006; 60: 1160–1167.
41. Lambe J. The use of food consumption data in assessments of
exposure to food chemicals including the application of probabilistic modelling. Proc Nutr Soc 2002; 61: 11–18.
42. Penttila PL, Salminen S, Niemi E. Estimates on the intake of
food additives in Finland. Z Lebensm Unters Forsch 1988; 186:
11–15.
43. Golzarand M, Mirmiran P, Jessri M, Toolabi K, Mojarrad M,
Azizi F. Dietary trends in the Middle East and North Africa: an
ecological study (1961 to 2007). Public Health Nutr 2012; 15:
1835–1844.
44. Ortiz-Hernandez L, Delgado-Sanchez G, Hernandez-Briones
A. [Changes in factors associated with the nutrition transition in
Mexico]. Gac Med Mex 2006; 142: 181–193.
45. Alexandratos N. The Mediterranean diet in a world context.
Public Health Nutr 2006; 9: 111–117.
46. Guerra F, Paccaud F, Marques-Vidal P. Trends in food availability in Switzerland, 1961–2007. Eur J Clin Nutr 2012; 66:
273–275.
47. Mannisto S, Laatikainen T, Helakorpi S, Valsta LM. Monitoring diet and diet-related chronic disease risk factors in Finland.
Public Health Nutr 2010; 13: 907–914.
48. Rodriguez AF, Banegas JR, Graciani MA, Hernandez VR, Rey
CJ. [Food and nutrient consumption in Spain in the period 1940–
1988. Analysis of its consistency with the Mediterranean diet].
Med Clin (Barc) 1996; 106: 161–168.
49. Zilidis C. Trends in nutrition in Greece: use of international
data to monitor national developments. Public Health 1993; 107:
271–276.
50. Sheehy T, Sharma S. Trends in energy and nutrient supply in
Trinidad and Tobago from 1961 to 2007 using FAO food balance
sheets. Public Health Nutr 2013; 16: 1693–1702.
51. Fiedler JL. Towards overcoming the food consumption information gap: strengthening household consumption and expenditures surveys for food and nutrition policymaking. Glob Food
Secur 2013; 2: 56–63.
52. Fiedler JL, Lividini K, Bermudez OI, Smitz MF. Household
Consumption and Expenditures Surveys (HCES): a primer for food
and nutrition analysts in low- and middle-income countries. Food
Nutr Bull 2012; 33(Suppl. 3): S170–S184.
53. Ng SW, Ni MC, Jebb SA, Popkin BM. Patterns and trends of
beverage consumption among children and adults in Great Britain,
1986–2009. Br J Nutr 2012; 108: 536–551.
54. Bureau of Labor Statistics. The US consumer expenditure
survey. 2012. [WWW document] URL http://www.bls.gov/cex/
(accessed 15 July 2013).
55. Ravallion M. The National Academy of Sciences, a Sustainability Challenge: Food Security for All. Workshop 2: Measuring
Food Insecurity and Assessing the Sustainability of Global Food
Systems. Global poverty measurement: current practice and

144

14 (Suppl. 1), 135–149, October 2013

© 2013 The Authors. Obesity Reviews published by John Wiley & Sons Ltd
on behalf of the International Association for the Study of Obesity

obesity reviews

future challenges. PowerPoint presentation. 2011. Washington
DC, Venable LLP Conference Center.
56. Antonic-Degac K, Kamenski M, Katic D et al. [Using of
household budget survey data for public health monitoring of
dietary habits in Croatia – DAFNE initiative]. Acta Med Croatica
2010; 64: 17–24.
57. Trichopoulou A, Naska A. European food availability databank based on household budget surveys: the Data Food Networking initiative. Eur J Public Health 2003; 13(3 Suppl.): 24–28.
58. Naska A, Bountziouka V, Trichopoulou A. Soft drinks: time
trends and correlates in twenty-four European countries. A crossnational study using the DAFNE (Data Food Networking) databank. Public Health Nutr 2010; 13: 1346–1355.
59. National and Kapodistrian University of Athens. The
Pan-European Food Data Bank based on Household Budget
Surveys. 2013. [WWW document] URL http://www.nut.uoa.gr/
Dafnesoftweb/ (accessed 15 July 2013).
60. Gibson RS. Principles of Nutritional Assessment. Oxford
University Press.: New York, 2005.
61. Gewa CA, Murphy SP, Neumann CG. Out-of-home food
intake is often omitted from mothers’ recalls of school children’s
intake in rural Kenya. J Nutr 2007; 137: 2154–2159.
62. Bermudez OI, Lividini K, Smitz MF, Fiedler JL. Estimating
micronutrient intakes from Household Consumption and
Expenditures Surveys (HCES): an example from Bangladesh. Food
Nutr Bull 2012; 33(3 Suppl.): S208–S213.
63. Weisell R, Dop MC. The adult male equivalent concept and its
application to Household Consumption and Expenditures Surveys
(HCES). Food Nutr Bull 2012; 33(3 Suppl.): S157–S162.
64. Berti PR. Intrahousehold distribution of food: a review of the
literature and discussion of the implications for food fortification
programs. Food Nutr Bull 2012; 33(3 Suppl.): S163–S169.
65. Sibrián R. Deriving food security information from national
household budget surveys: experiences, achievements, challenges.
2008. Rome, FAO Statistics Division.
66. Campbell AA, de Pee S, Sun K et al. Household rice expenditure and maternal and child nutritional status in Bangladesh.
J Nutr 2010; 140: 189S–94S.
67. Sari M, de Pee S, Bloem MW et al. Higher household expenditure on animal-source and nongrain foods lowers the risk of stunting among children 0–59 months old in Indonesia: implications of
rising food prices. J Nutr 2010; 140: 195S–200S.
68. Campbell AA, Thorne-Lyman A, Sun K et al. Greater household expenditures on fruits and vegetables but not animal source
foods are associated with decreased risk of under-five child mortality among families in rural Indonesia. J Nutr 2008; 138: 2244–
2249.
69. Campbell AA, Thorne-Lyman A, Sun K et al. Indonesian
women of childbearing age are at greater risk of clinical vitamin A
deficiency in families that spend more on rice and less on fruits/
vegetables and animal-based foods. Nutr Res 2009; 29: 75–81.
70. Rose D, Charlton KE. Quantitative indicators from a food
expenditure survey can be used to target the food insecure in South
Africa. J Nutr 2002; 132: 3235–3242.
71. Kolodinsky JM, Goldstein AB. Time use and food pattern
influences on obesity. Obesity (Silver Spring) 2011; 19: 2327–
2335.
72. Lobato JC, Costa AJ, Sichieri R. Food intake and prevalence
of obesity in Brazil: an ecological analysis. Public Health Nutr
2009; 12: 2209–2215.
73. Fiedler JL, Afidra R. Vitamin A fortification in Uganda: comparing the feasibility, coverage, costs, and cost-effectiveness of
fortifying vegetable oil and sugar. Food Nutr Bull 2010; 31: 193–
205.

© 2013 The Authors. Obesity Reviews published by John Wiley & Sons Ltd
on behalf of the International Association for the Study of Obesity

Monitoring population diet quality S. Vandevijvere et al.

145

74. Ricciuto LE, Tarasuk VS. An examination of income-related
disparities in the nutritional quality of food selections among
Canadian households from 1986–2001. Soc Sci Med 2007; 64:
186–198.
75. Beatty TK. Expenditure dispersion and dietary quality: evidence from Canada. Health Econ 2008; 17: 1001–1014.
76. Kirkpatrick S, Tarasuk V. The relationship between low
income and household food expenditure patterns in Canada.
Public Health Nutr 2003; 6: 589–597.
77. Monteiro CA, Mondini L, Costa RB. [Changes in composition
and appropriate nutrition of family diet in the metropolitan areas
of Brazil (1988–1996)]. Rev Saude Publica 2000; 34: 251–258.
78. Mondini L, Monteiro CA. [Changes in the diet pattern of the
Brazilian urban population (1962–1988)]. Rev Saude Publica
1994; 28: 433–439.
79. Nascimento S, Barbosa FS, Sichieri R, Pereira RA. Dietary
availability patterns of the Brazilian macro-regions. Nutr J 2011;
10: 79.
80. Marchioni DM, Claro RM, Levy RB, Monteiro CA. Patterns
of food acquisition in Brazilian households and associated factors:
a population-based survey. Public Health Nutr 2011; 14: 1586–
1592.
81. Claro RM, Monteiro CA. Family income, food prices, and
household purchases of fruits and vegetables in Brazil. Rev Saude
Publica 2010; 44: 1014–1020.
82. Levy RB, Claro RM, Bandoni DH, Mondini L, Monteiro CA.
Availability of added sugars in Brazil: distribution, food sources
and time trends. Rev Bras Epidemiol 2012; 15: 3–12.
83. Levy RB, Claro RM, Monteiro CA. Sugar and total energy
content of household food purchases in Brazil. Public Health Nutr
2009; 12: 2084–2091.
84. Weerahewa J, Rajapakse C, Pushpakumara G. An analysis of
consumer demand for fruits in Sri Lanka. 1981–2010. Appetite
2013; 60: 252–258.
85. Sarno F, Claro RM, Levy RB, Bandoni DH, Ferreira SR,
Monteiro CA. [Estimated sodium intake by the Brazilian population, 2002–2003]. Rev Saude Publica 2009; 43: 219–225.
86. Bezerra IN, Sichieri R. Characteristics and spending on outof-home eating in Brazil. Rev Saude Publica 2010; 44: 221–229.
87. Bezerra IN, Sichieri R. Eating out of home and obesity: a
Brazilian nationwide survey. Public Health Nutr 2009; 12: 2037–
2043.
88. Crovetto M, Uauy R. [Changes in processed food expenditure
in the population of Metropolitan Santiago in the last twenty
years]. Rev Med Chil 2012; 140: 305–312.
89. Asfaw A. Does consumption of processed foods explain disparities in the body weight of individuals? The case of Guatemala.
Health Econ 2011; 20: 184–195.
90. Caldas ED, Silva AC. Mycotoxins in corn-based food products consumed in Brazil: an exposure assessment for fumonisins.
J Agric Food Chem 2007; 55: 7974–7980.
91. Caldas ED, Tressou J, Boon PE. Dietary exposure of Brazilian
consumers to dithiocarbamate pesticides – a probabilistic
approach. Food Chem Toxicol 2006; 44: 1562–1571.
92. Caldas ED, Boon PE, Tressou J. Probabilistic assessment of
the cumulative acute exposure to organophosphorus and
carbamate insecticides in the Brazilian diet. Toxicology 2006; 222:
132–142.
93. Fiedler JL, Carletto C, Dupriez O. Still waiting for Godot?
Improving Household Consumption and Expenditures Surveys
(HCES) to enable more evidence-based nutrition policies. Food
Nutr Bull 2012; 33(3 Suppl.): S242–S251.
94. Tooze JA, Midthune D, Dodd KW et al. A new statistical
method for estimating the usual intake of episodically consumed

14 (Suppl. 1), 135–149, October 2013

Monitoring population diet quality S. Vandevijvere et al.

obesity reviews

foods with application to their distribution. J Am Diet Assoc 2006;
106: 1575–1587.
95. Tooze JA, Kipnis V, Buckman DW et al. A mixed-effects
model approach for estimating the distribution of usual intake of
nutrients: the NCI method. Stat Med 2010; 29: 2857–2868.
96. Haubrock J, Nothlings U, Volatier JL et al. Estimating usual
food intake distributions by using the multiple source method in
the EPIC-Potsdam Calibration Study. J Nutr 2011; 141: 914–
920.
97. Brussaard JH, Lowik MR, Steingrimsdottir L et al. A European food consumption survey method – conclusions and recommendations. Eur J Clin Nutr 2002; 56(Suppl. 2): S89–S94.
98. De HS, Brants HA, Becker W et al. Operationalization of food
consumption surveys in Europe: recommendations from the European Food Consumption Survey Methods (EFCOSUM) Project.
Eur J Clin Nutr 2002; 56(Suppl. 2): S75–S88.
99. Trolle E, Amiano P, Ege M et al. Feasibility of repeated 24-h
dietary recalls combined with a food-recording booklet, using
EPIC-Soft, among preschoolers. Eur J Clin Nutr 2011; 65(Suppl.
1): S84–S86.
100. Trolle E, Amiano P, Ege M et al. Feasibility of 2 × 24-h
dietary recalls combined with a food-recording booklet, using
EPIC-Soft, among schoolchildren. Eur J Clin Nutr 2011; 65(Suppl.
1): S65–S76.
101. Andersen LF, Lioret S, Brants H et al. Recommendations for
a trans-European dietary assessment method in children between 4
and 14 years. Eur J Clin Nutr 2011; 65(Suppl. 1): S58–S64.
102. de Boer EJ, Slimani N, van’t Veer P et al. The European Food
Consumption Validation Project: conclusions and recommendations. Eur J Clin Nutr 2011; 65(Suppl. 1): S102–S107.
103. Pancake consortium. PANCAKE – Pilot study for the Assessment of Nutrient intake and food Consumption Among Kids in
Europe. EN339. 2012. Parma, European Food Safety Authority.
104. Slimani N, Casagrande C, Nicolas G et al. The standardized
computerized 24-h dietary recall method EPIC-Soft adapted for
pan-European dietary monitoring. Eur J Clin Nutr 2011;
65(Suppl. 1): S5–S15.
105. Slimani N, Valsta L. Perspectives of using the EPIC-SOFT
programme in the context of pan-European nutritional monitoring
surveys: methodological and practical implications. Eur J Clin
Nutr 2002; 56(Suppl. 2): S63–S74.
106. Ocke MC, Slimani N, Brants H et al. Potential and requirements for a standardized pan-European food consumption survey
using the EPIC-Soft software. Eur J Clin Nutr 2011; 65(Suppl. 1):
S48–S57.
107. Harrison GG. Proceedings of the workshop on foodconsumption surveys in developing countries: methodologic considerations in descriptive food-consumption surveys in developing
countries. Food Nutr Bull 2004; 25: 415–419.
108. Newby PK, Tucker KL. Empirically derived eating patterns
using factor or cluster analysis: a review. Nutr Rev 2004; 62:
177–203.
109. Fransen HP, Ocke MC. Indices of diet quality. Curr Opin
Clin Nutr Metab Care 2008; 11: 559–565.
110. Kennedy ET, Ohls J, Carlson S, Fleming K. The Healthy
Eating Index: design and applications. J Am Diet Assoc 1995; 95:
1103–1108.
111. Patterson RE, Haines PS, Popkin BM. Diet quality index:
capturing a multidimensional behavior. J Am Diet Assoc 1994; 94:
57–64.
112. Huijbregts PP, de Vegt F, Feskens EJ, Bowles CH, Kromhout
D. Dietary patterns and mortality in an elderly population in the
Netherlands. A comparison between cluster analysis and the
healthy diet indicator. Huijbrengts, P. P. Dietary patterns and

health in the elderly. 33–42. 1997. The Netherlands, Wageningen,
Wageningen University.
113. Trichopoulou A, Kouris-Blazos A, Wahlqvist ML et al. Diet
and overall survival in elderly people. BMJ 1995; 311: 1457–1460.
114. Guenther PM, Reedy J, Krebs-Smith SM. Development of the
Healthy Eating Index-2005. J Am Diet Assoc 2008; 108: 1896–
1901.
115. Guenther PM, Casavale KO, Reedy J et al. Update of the
Healthy Eating Index: HEI-2010. J Acad Nutr Diet 2013; 113:
569–580.
116. Guenther PM, Reedy J, Krebs-Smith SM, Reeve BB, Basiotis
PP Development and evaluation of the Healthy Eating Index-2005.
Technical Report. 2007. US, Centre for Nutrition Policy and Promotion, US Department of Agriculture.
117. Haines PS, Siega-Riz AM, Popkin BM. The Diet Quality
Index revised: a measurement instrument for populations. J Am
Diet Assoc 1999; 99: 697–704.
118. Trichopoulou A, Costacou T, Bamia C, Trichopoulos D.
Adherence to a Mediterranean diet and survival in a Greek population. N Engl J Med 2003; 348: 2599–2608.
119. Waijers PM, Feskens EJ, Ocke MC. A critical review of
predefined diet quality scores. Br J Nutr 2007; 97: 219–231.
120. Arvaniti F, Panagiotakos DB. Healthy indexes in public
health practice and research: a review. Crit Rev Food Sci Nutr
2008; 48: 317–327.
121. Wirt A, Collins CE. Diet quality – what is it and does it
matter? Public Health Nutr 2009; 12: 2473–2492.
122. Osler M, Heitmann BL, Gerdes LU, Jorgensen LM, Schroll
M. Dietary patterns and mortality in Danish men and women: a
prospective observational study. Br J Nutr 2001; 85: 219–225.
123. Kant AK, Schatzkin A, Graubard BI, Schairer C. A prospective study of diet quality and mortality in women. JAMA 2000;
283: 2109–2115.
124. Seymour JD, Calle EE, Flagg EW, Coates RJ, Ford ES, Thun
MJ. Diet Quality Index as a predictor of short-term mortality in
the American Cancer Society Cancer Prevention Study II Nutrition
Cohort. Am J Epidemiol 2003; 157: 980–988.
125. Fitzgerald AL, Dewar RA, Veugelers PJ. Diet quality and
cancer incidence in Nova Scotia, Canada. Nutr Cancer 2002; 43:
127–132.
126. Kourlaba G, Panagiotakos DB. Dietary quality indices and
human health: a review. Maturitas 2009; 62: 1–8.
127. Mente A, de Koning L, Shannon HS, Anand SS. A systematic
review of the evidence supporting a causal link between dietary
factors and coronary heart disease. Arch Intern Med 2009; 169:
659–669.
128. Smithers LG, Golley RK, Brazionis L, Lynch JW. Characterizing whole diets of young children from developed countries and
the association between diet and health: a systematic review. Nutr
Rev 2011; 69: 449–467.
129. Lazarou C, Newby PK. Use of dietary indexes among children in developed countries. Adv Nutr 2011; 2: 295–303.
130. Agnoli C, Krogh V, Grioni S et al. A priori-defined dietary
patterns are associated with reduced risk of stroke in a large Italian
cohort. J Nutr 2011; 141: 1552–1558.
131. Akbaraly TN, Ferrie JE, Berr C et al. Alternative Healthy
Eating Index and mortality over 18 y of follow-up: results from the
Whitehall II cohort. Am J Clin Nutr 2011; 94: 247–253.
132. Akbaraly TN, Singh-Manoux A, Tabak AG et al. Overall
diet history and reversibility of the metabolic syndrome over 5
years: the Whitehall II prospective cohort study. Diabetes Care
2010; 33: 2339–2341.
133. Asghari G, Mirmiran P, Rashidkhani B, Asghari-Jafarabadi
M, Mehran M, Azizi F. The association between diet quality

146

14 (Suppl. 1), 135–149, October 2013

© 2013 The Authors. Obesity Reviews published by John Wiley & Sons Ltd
on behalf of the International Association for the Study of Obesity

obesity reviews

indices and obesity: Tehran Lipid and Glucose Study. Arch Iran
Med 2012; 15: 599–605.
134. Belin RJ, Greenland P, Allison M et al. Diet quality and the
risk of cardiovascular disease: the Women’s Health Initiative
(WHI). Am J Clin Nutr 2011; 94: 49–57.
135. Bosetti C, Pelucchi C, La VC. Diet and cancer in Mediterranean countries: carbohydrates and fats. Public Health Nutr 2009;
12: 1595–1600.
136. Buckland G, Gonzalez CA, Agudo A et al. Adherence to the
Mediterranean diet and risk of coronary heart disease in the
Spanish EPIC Cohort Study. Am J Epidemiol 2009; 170: 1518–
1529.
137. Carter SJ, Roberts MB, Salter J, Eaton CB. Relationship
between Mediterranean Diet Score and atherothrombotic risk:
findings from the Third National Health and Nutrition Examination Survey (NHANES III), 1988–1994. Atherosclerosis 2010;
210: 630–636.
138. Chandran U, Bandera EV, Williams-King MG et al. Healthy
Eating Index and ovarian cancer risk. Cancer Causes Control
2011; 22: 563–571.
139. Chandran U, Bandera EV, Williams-King MG et al. Adherence to the dietary guidelines for Americans and endometrial
cancer risk. Cancer Causes Control 2010; 21: 1895–1904.
140. Chiuve SE, Fung TT, Rimm EB et al. Alternative dietary
indices both strongly predict risk of chronic disease. J Nutr 2012;
142: 1009–1018.
141. Chiuve SE, Fung TT, Rexrode KM et al. Adherence to a
low-risk, healthy lifestyle and risk of sudden cardiac death among
women. JAMA 2011; 306: 62–69.
142. Chrysohoou C, Panagiotakos DB, Aggelopoulos P et al. The
Mediterranean diet contributes to the preservation of left ventricular systolic function and to the long-term favorable prognosis of
patients who have had an acute coronary event. Am J Clin Nutr
2010; 92: 47–54.
143. Couto E, Boffetta P, Lagiou P et al. Mediterranean dietary
pattern and cancer risk in the EPIC cohort. Br J Cancer 2011; 104:
1493–1499.
144. de Koning L, Chiuve SE, Fung TT, Willett WC, Rimm EB,
Hu FB. Diet-quality scores and the risk of type 2 diabetes in men.
Diabetes Care 2011; 34: 1150–1156.
145. Dedoussis GV, Kanoni S, Mariani E et al. Mediterranean
diet and plasma concentration of inflammatory markers in old and
very old subjects in the ZINCAGE population study. Clin Chem
Lab Med 2008; 46: 990–996.
146. Dehghan M, Mente A, Teo KK et al. Relationship between
healthy diet and risk of cardiovascular disease among patients on
drug therapies for secondary prevention: a prospective cohort
study of 31,546 high-risk individuals from 40 countries. Circulation 2012; 126: 2705–2712.
147. Dominguez LJ, Bes-Rastrollo M, Fuente-Arrillaga C et al.
Similar prediction of decreased total mortality, diabetes incidence
or cardiovascular events using relative- and absolute-component
Mediterranean diet score: the SUN cohort. Nutr Metab Cardiovasc
Dis 2013; 23: 451–458.
148. Drewnowski A, Fiddler EC, Dauchet L, Galan P, Hercberg S.
Diet quality measures and cardiovascular risk factors in France:
applying the Healthy Eating Index to the SU.VI.MAX study. J Am
Coll Nutr 2009; 28: 22–29.
149. Ervin RB. Healthy Eating Index scores among adults, 60
years of age and over, by sociodemographic and health characteristics: United States, 1999–2002. Adv Data 2008; 395: 1–16.
150. Fargnoli JL, Fung TT, Olenczuk DM, Chamberland JP, Hu
FB, Mantzoros CS. Adherence to healthy eating patterns is associated with higher circulating total and high-molecular-weight

© 2013 The Authors. Obesity Reviews published by John Wiley & Sons Ltd
on behalf of the International Association for the Study of Obesity

Monitoring population diet quality S. Vandevijvere et al.

147

adiponectin and lower resistin concentrations in women from the
Nurses’ Health Study. Am J Clin Nutr 2008; 88: 1213–1224.
151. Frackiewicz J, Roszkowski W, Brzozowska A, Kaluza J.
[Diet quality and mortality in elderly people living in Warsaw
Region]. Przegl Epidemiol 2010; 64: 119–125.
152. Fung TT, Rexrode KM, Mantzoros CS, Manson JE, Willett
WC, Hu FB. Mediterranean diet and incidence of and mortality
from coronary heart disease and stroke in women. Circulation
2009; 119: 1093–1100.
153. Funtikova A, Baena-Diez JM, Koebnick C et al. Validity of a
short diet-quality index to predict changes in anthropometric and
cardiovascular risk factors: a simulation study. Eur J Clin Nutr
2012; 66: 1369–1371.
154. Gao SK, Beresford SA, Frank LL, Schreiner PJ, Burke GL,
Fitzpatrick AL. Modifications to the Healthy Eating Index and its
ability to predict obesity: the Multi-Ethnic Study of Atherosclerosis. Am J Clin Nutr 2008; 88: 64–69.
155. Gaskins AJ, Rovner AJ, Mumford SL et al. Adherence to
a Mediterranean diet and plasma concentrations of lipid
peroxidation in premenopausal women. Am J Clin Nutr 2010; 92:
1461–1467.
156. Gesteiro E, Rodriguez BB, Bastida S, Sanchez-Muniz FJ.
Maternal diets with low healthy eating index or Mediterranean
diet adherence scores are associated with high cord-blood insulin
levels and insulin resistance markers at birth. Eur J Clin Nutr
2012; 66: 1008–1015.
157. Gopinath B, Rochtchina E, Flood VM, Mitchell P. Diet
quality is prospectively associated with incident impaired fasting
glucose in older adults. Diabet Med 2013; 30: 557–562.
158. Hodge AM, English DR, Itsiopoulos C, O’Dea K, Giles GG.
Does a Mediterranean diet reduce the mortality risk associated
with diabetes: evidence from the Melbourne Collaborative Cohort
Study. Nutr Metab Cardiovasc Dis 2011; 21: 733–739.
159. Hoevenaar-Blom MP, Nooyens AC, Kromhout D et al.
Mediterranean style diet and 12-year incidence of cardiovascular
diseases: the EPIC-NL cohort study. PLoS ONE 2012; 7: e45458.
160. Huffman FG, Zarini GG, McNamara E, Nagarajan A. The
Healthy Eating Index and the Alternate Healthy Eating Index as
predictors of 10-year CHD risk in Cuban Americans with and
without type 2 diabetes. Public Health Nutr 2011; 14: 2006–2014.
161. Issa C, Darmon N, Salameh P, Maillot M, Batal M, Lairon
D. A Mediterranean diet pattern with low consumption of liquid
sweets and refined cereals is negatively associated with adiposity in
adults from rural Lebanon. Int J Obes (Lond) 2011; 35: 251–258.
162. Jennings A, Welch A, van Sluijs EM, Griffin SJ, Cassidy A.
Diet quality is independently associated with weight status in
children aged 9–10 years. J Nutr 2011; 141: 453–459.
163. Kesse-Guyot E, Ahluwalia N, Lassale C, Hercberg S, Fezeu
L, Lairon D. Adherence to Mediterranean diet reduces the risk of
metabolic syndrome: a 6-year prospective study. Nutr Metab
Cardiovasc Dis 2013; 23: 677–683.
164. Kim EH, Willett WC, Fung T, Rosner B, Holmes MD. Diet
quality indices and postmenopausal breast cancer survival. Nutr
Cancer 2011; 63: 381–388.
165. Lassale C, Fezeu L, Andreeva VA et al. Association between
dietary scores and 13-year weight change and obesity risk in a
French prospective cohort. Int J Obes (Lond) 2012; 36: 1455–
1462.
166. Lazarou C, Panagiotakos DB, Matalas AL. Physical activity
mediates the protective effect of the Mediterranean diet on children’s obesity status: the CYKIDS study. Nutrition 2010; 26:
61–67.
167. Martinez-Gonzalez MA, Guillen-Grima F, De IJ et al. The
Mediterranean diet is associated with a reduction in premature

14 (Suppl. 1), 135–149, October 2013

Monitoring population diet quality S. Vandevijvere et al.

obesity reviews

mortality among middle-aged adults. J Nutr 2012; 142: 1672–
1678.
168. Martinez-Gonzalez MA, Garcia-Lopez M, Bes-Rastrollo M
et al. Mediterranean diet and the incidence of cardiovascular
disease: a Spanish cohort. Nutr Metab Cardiovasc Dis 2011; 21:
237–244.
169. Mazaraki A, Tsioufis C, Dimitriadis K et al. Adherence to the
Mediterranean diet and albuminuria levels in Greek adolescents:
data from the Leontio Lyceum Albuminuria (3 L study). Eur J Clin
Nutr 2011; 65: 219–225.
170. McNaughton SA, Bates CJ, Mishra GD. Diet quality is associated with all-cause mortality in adults aged 65 years and older.
J Nutr 2012; 142: 320–325.
171. Nansel TR, Haynie DL, Lipsky LM, Laffel LM, Mehta SN.
Multiple indicators of poor diet quality in children and adolescents
with type 1 diabetes are associated with higher body mass index
percentile but not glycemic control. J Acad Nutr Diet 2012; 112:
1728–1735.
172. Nicklas TA, O’Neil CE, Fulgoni VL III. Diet quality is
inversely related to cardiovascular risk factors in adults. J Nutr
2012; 142: 2112–2118.
173. Nunez-Cordoba JM, Valencia-Serrano F, Toledo E, Alonso
A, Martinez-Gonzalez MA. The Mediterranean diet and incidence
of hypertension: the Seguimiento Universidad de Navarra (SUN)
Study. Am J Epidemiol 2009; 169: 339–346.
174. Pan Y, Pratt CA. Metabolic syndrome and its association
with diet and physical activity in US adolescents. J Am Diet Assoc
2008; 108: 276–286.
175. Panagiotakos DB, Dimakopoulou K, Katsouyanni K et al.
Mediterranean diet and inflammatory response in myocardial
infarction survivors. Int J Epidemiol 2009; 38: 856–866.
176. Rathod AD, Bharadwaj AS, Badheka AO, Kizilbash M,
Afonso L. Healthy Eating Index and mortality in a nationally
representative elderly cohort. Arch Intern Med 2012; 172: 275–
277.
177. Reedy J, Wirfalt E, Flood A et al. Comparing 3 dietary
pattern methods – cluster analysis, factor analysis, and index
analysis – with colorectal cancer risk: the NIH-AARP Diet and
Health Study. Am J Epidemiol 2010; 171: 479–487.
178. Reedy J, Mitrou PN, Krebs-Smith SM et al. Index-based
dietary patterns and risk of colorectal cancer: the NIH-AARP Diet
and Health Study. Am J Epidemiol 2008; 168: 38–48.
179. Romaguera D, Guevara M, Norat T et al. Mediterranean
diet and type 2 diabetes risk in the European Prospective Investigation into Cancer and Nutrition (EPIC) study: the InterAct
project. Diabetes Care 2011; 34: 1913–1918.
180. Romaguera D, Norat T, Vergnaud AC et al. Mediterranean
dietary patterns and prospective weight change in participants of
the EPIC-PANACEA project. Am J Clin Nutr 2010; 92: 912–
921.
181. Romaguera D, Norat T, Mouw T et al. Adherence to
the Mediterranean diet is associated with lower abdominal
adiposity in European men and women. J Nutr 2009; 139: 1728–
1737.
182. Russell J, Flood V, Rochtchina E et al. Adherence to dietary
guidelines and 15-year risk of all-cause mortality. Br J Nutr 2012;
[Epub ahead of print].
183. Shah BS, Freeland-Graves JH, Cahill JM, Lu H, Graves GR.
Diet quality as measured by the healthy eating index and the
association with lipid profile in low-income women in early postpartum. J Am Diet Assoc 2010; 110: 274–279.
184. Silva KF, Prata A, Cunha DF. Frequency of metabolic syndrome and the food intake patterns in adults living in a rural area
of Brazil. Rev Soc Bras Med Trop 2011; 44: 425–429.

185. Sjogren P, Becker W, Warensjo E et al. Mediterranean and
carbohydrate-restricted diets and mortality among elderly men: a
cohort study in Sweden. Am J Clin Nutr 2010; 92: 967–974.
186. Tande DL, Magel R, Strand BN. Healthy Eating Index and
abdominal obesity. Public Health Nutr 2010; 13: 208–214.
187. Tardivo AP, Nahas-Neto J, Nahas EA, Maesta N, Rodrigues
MA, Orsatti FL. Associations between healthy eating patterns and
indicators of metabolic risk in postmenopausal women. Nutr J
2010; 9: 64.
188. Tobias DK, Hu FB, Chavarro J, Rosner B, Mozaffarian D,
Zhang C. Healthful dietary patterns and type 2 diabetes mellitus
risk among women with a history of gestational diabetes mellitus.
Arch Intern Med 2012; 172: 1566–1572.
189. Tobias DK, Zhang C, Chavarro J et al. Prepregnancy adherence to dietary patterns and lower risk of gestational diabetes
mellitus. Am J Clin Nutr 2012; 96: 289–295.
190. Tognon G, Nilsson LM, Lissner L et al. The Mediterranean
diet score and mortality are inversely associated in adults living in
the subarctic region. J Nutr 2012; 142: 1547–1553.
191. Vlismas K, Panagiotakos DB, Pitsavos C et al. Quality,
but not cost, of diet is associated with 5-year incidence of CVD:
the ATTICA study. Public Health Nutr 2010; 13: 1890–
1897.
192. Zamora D, Gordon-Larsen P, He K, Jacobs DR Jr,
Shikany JM, Popkin BM. Are the 2005 Dietary Guidelines for
Americans associated with reduced risk of type 2 diabetes and
cardiometabolic risk factors? Twenty-year findings from the
CARDIA study. Diabetes Care 2001; 34: 1183–1185.
193. Zamora D, Gordon-Larsen P, Jacobs DR Jr, Popkin BM.
Diet quality and weight gain among black and white young adults:
the Coronary Artery Risk Development in Young Adults
(CARDIA) Study (1985–2005). Am J Clin Nutr 2010; 92: 784–
793.
194. Monteiro CA, Levy RB, Claro RM, Castro IR, Cannon G. A
new classification of foods based on the extent and purpose of their
processing. Cad Saude Publica 2010; 26: 2039–2049.
195. Stuckler D, McKee M, Ebrahim S, Basu S. Manufacturing
epidemics: the role of global producers in increased consumption
of unhealthy commodities including processed foods, alcohol, and
tobacco. PLoS Med 2012; 9: e1001235.
196. Monteiro CA, Cannon G. The impact of transnational ‘big
food’ companies on the South: a view from Brazil. PLoS Med
2012; 9: e1001252.
197. Moodie R, Stuckler D, Monteiro C et al. Profits and pandemics: prevention of harmful effects of tobacco, alcohol and
ultra-processed food and drink industries. Lancet 2013; 381: 670–
679.
198. Ludwig DS. Technology, diet, and the burden of chronic
disease. JAMA 2011; 305: 1352–1353.
199. Tavares LF, Fonseca SC, Garcia Rosa ML, Yokoo EM. Relationship between ultra-processed foods and metabolic syndrome in
adolescents from a Brazilian Family Doctor Program. Public
Health Nutr 2012; 15: 82–87.
200. Reedy J, Krebs-Smith SM, Bosire C. Evaluating the food
environment: application of the Healthy Eating Index-2005. Am J
Prev Med 2010; 38: 465–471.
201. Smith LC, Subandoro, A. Measuring Food Security Using
Household Expenditure Surveys. Food Security in Practice Series.
International Food Policy Research Institute: Washington DC,
2007.
202. Kourlaba G, Panagiotakos DB, Stavrinos V. The diagnostic
accuracy of composite indices is associated with the number of
partitions of their components: a simulation study. Adv Appl Stat
2008; 8: 89–99.

148

14 (Suppl. 1), 135–149, October 2013

© 2013 The Authors. Obesity Reviews published by John Wiley & Sons Ltd
on behalf of the International Association for the Study of Obesity

obesity reviews

203. Kourlaba G, Panagiotakos D. The number of index components affects the diagnostic accuracy of a diet quality index: the
role of intracorrelation and intercorrelation structure of the components. Ann Epidemiol 2009; 19: 692–700.
204. Drake I, Gullberg B, Sonestedt E et al. Scoring models of a
diet quality index and the predictive capability of mortality in a
population-based cohort of Swedish men and women. Public
Health Nutr 2013; 16: 468–478.

© 2013 The Authors. Obesity Reviews published by John Wiley & Sons Ltd
on behalf of the International Association for the Study of Obesity

Monitoring population diet quality S. Vandevijvere et al.

149

205. Trichopoulou A. The DAFNE databank as a simple tool for
nutrition policy. DAta Food NEtworking. Public Health Nutr
2001; 4: 1187–1198.
206. United States Department of Agriculture. My Pyramid
Equivalents database. 2013. [WWW document]. URL http://
www.ars.usda.gov/Services/docs.htm?docid=17558 (accessed 15
July 2013).

14 (Suppl. 1), 135–149, October 2013

